The recently published ISO/IEC 29110 standard Lifecycle profiles for Very Small Entities has at its core a Management and Engineering Guide [1] which are targeted at very small entities (enterprises, organizations, departments or projects) having up to 25 people [2] , to assist them unlock the potential benefits of using standards which are specifically designed to address their needs. This paper discusses the role and structure of Project Management in the emerging ISO/IEC 29110 standard Software Process Lifecycles for Very Small Entities as well as its practical implication. This paper will also focus on the design and development of project management support documentation and their associated usage in early trials of ISO/IEC 29110.
Introduction
Projects are the cornerstone of all business activities in small and very small companies. Firms must complete various projects to achieve their financial goals and obtain information. Business owners and managers have only one attempt executing a project successfully. Hence, the process must be carefully thought out and planned. In their study into why software projects fail [3] have shown that software specialists spend about 40 to 50 percent of their time on avoidable rework rather than on what they call value-added work, which is basically work that's done right the first time Administering software development is usually achieved through the introduction of a software project management process. However, implementing software project management controls in very small software companies is a major challenge. This paper introduces the project management practices in the newly published ISO/IEC 29110 [1] standard Software Process Lifecycles for Very Small Entities. The following sections discuss the role of project management in general, the structure of ISO/IEC standard and its project management practices. Finally the paper focuses on the design and development of project management support documentation and their associated usage in early trials of ISO/IEC 29110. need to initiate the right projects and achieve the desired results is just as critical if not more critical for the small business, as it is for the large business. Furthermore it can be argued that project management offers value for any size business, and does not require a large investment of cash capital to establish. In order to minimize risk and set a small business up for success, we contend that such businesses can benefit from some form of formal project management.
ISO/IEC 29110 Standard
The ISO/IEC 29110 standard "Lifecycle profiles for Very Small Entities" [1] is aimed at addressing the issues identified above and addresses the specific needs of VSEs [7, 8, 9] and to tackle the issues of poor standards adoption by small companies [10, 11, 12] . The approach [2] used to develop ISO/IEC 29110 started with the pre-existing international standard ISO/IEC 12207 dedicated to software process lifecycles. The overall approach consisted of three steps: (1) Selecting ISO/IEC 12207 process subset applicable to VSEs of up to 25 employees; (2) Tailor the subset to fit VSE needs; and (3) Develop guidelines for VSEs.
The basic requirements of a software development process are that it should fit the needs of the project and aid project success [13] . And this need should be informed by the situational context where in the project must operate and therefore, the most suitable software development process is contingent on the context [14] . The core situational characteristic of the entities targeted by ISO/IEC 29110 is size, however there are other aspects and characteristics of VSEs that may affect profile preparation or selection, such as: Business Models (commercial, contracting, in-house development, etc.); Situational factors (such as criticality, uncertainty environment, etc.); and Risk Levels. Creating one profile for each possible combination of values of the various dimensions introduced above would result in an unmanageable set of profiles. Accordingly VSE's profiles are grouped in such a way as to be applicable to more than one category. Table 1 illustrates a Profile Group which contains three profiles (labeled A, B and C) that are mapped to nine combinations of business models and situational factors. Profile Groups are a collection of profiles which are related either by composition of processes (i.e. activities, tasks), or by capability level, or both. The "Generic" profile group has been defined [9] as applicable to a vast majority of VSEs that do not develop critical software and have typical situational factors. This profile group does not imply any specific application domain, however, it is envisaged that in the future new domain-specific sub-profiles may be developed in the future. Table 2 illustrates this profile group as a collection of four profiles, providing a progressive approach to satisfying the requirements of profile group. 
Entry
Basic Intermediate Advanced
To date the Basic Profile [1] has been published, the purpose of which is to define a software development and project management guide for performing one project at a time.
Engineering and management guide
At the core of this standard is a Management and Engineering Guide (ISO/IEC 29110-5) [1] focusing on Project Management and Software Implementation as illustrated in figure 1 . The purpose of the Project Management process is to establish and carry out in a systematic way the tasks of a software implementation project, which complies with the project's objectives in terms of quality, time and cost. Project Management generates a Project Plan to direct the software project. During the execution of the project Change Requests may cause revisions to the Project Plan. The project is the subject of Project Assessment and Control during the lifetimes of the project until the Software Implementation is complete and Project Closure occurs. Software Implementation (SI) produces a specified software system implemented as a software product or service. This process starts with the establishment of Software Requirements, after which Architectural and Detailed Design are produced. Software is the Constructed and verified using Integration and Test procedures. The final staged being product delivery to the customer.
Within ISO/IEC 29110, the purpose of the Project Management process is to establish and carry out in a systematic way the Tasks of the software implementation project, which allows complying with the project's Objectives in the expected quality, time and costs. It is intended to be used by the VSE to establish processes to implement any development approach or methodology including, e.g., agile, evolutionary, incremental, test driven development, etc. based on the VSE organization or project needs. project task conduct, including achievement criteria, and required resources to accomplish project tasks".
ISO/IEC 2910 Project Management Objectives Practices
• Project Plan Execution -To implement the actual work tasks of the project in accordance with the project plan. Ideally when the project plan has been agreed and communicated to all teams members, work of the development of the product, which is the subject of the project, should commence. • Project Assessment and Control -purpose is to determine the status of the project and ensure that the project performs according to plans and schedules, within projected budgets and it satisfies technical objectives. This process includes redirecting the project activities, as appropriate, to correct identified deviations and variations from other project management or technical processes. Redirection may include re-planning as appropriate. • Project Closure -typically involves releasing the final deliverables to the customer, handing over project documentation to the business, terminating supplier contracts, releasing project resources and communicating project closure to all stakeholders. Often a final step is to undertake a Post Implementation Review (post-mortem) to identify the level of project success and note any lessons learned for future projects.
Deployment assistance
In order to assist with the deployment of ISO/IEC 29110 and to provide guidance on the actual implementation of ISO/IEC 29110-5 in VSEs a series of Deployment Packages and Implementation Guides have been developed to define guidelines and explain in more detail the processes defined in the ISO/IEC 29110 profiles [15] . A set of Deployment Packages (DP) (which are freely available from [16] ) are a set of artifacts developed to facilitate the implementation of a set of practices, of the selected framework, in a VSE. A DP is not a process reference model (i.e. it is not prescriptive). The elements of a typical DP are: description of processes, activities, tasks, roles and products, template, checklist, example, reference and mapping to standards and models, and a list of tools. Packages are designed such that a VSE can implement its content, without having to implement the complete framework at the same time. The table of content of the project management deployment package is illustrated in figure 3 .
In addition a series of Implementation Guides have been developed to help implement a specific process supported by a tool and are freely available from [16] . To date a small number of implementation guides have been developed. These include:
• 
Pilot projects
The working group (ISO/IEC JTC1/SC7 WG 24) behind the development of this standard is advocating the use of pilot projects as a mean to accelerate the adoption and utilization of ISO/IEC 29110 by VSEs around the world. Pilot projects are an important mean of reducing risks and learning more about the organizational and technical issues associated with the deployment of new software engineering practices. A successful pilot project is also an effective means of building adoption of new practices by members of a VSE. Pilot projects are based on the ISO/IEC 29110-5 Management and engineering guide [1] and the deployment package(s).
To date a series of pilot projects have been completed in several countries utilizing some of the deployment packages developed. For example in Canada a pilot study has been conducted with an IT department with a staff of 4: 1 analyst and 3 developers, who were involved in the translation and implemented 3 DPs: Software Requirements, Version Control, Project Management. In Belgium a VSE of 25 people started with a process assessment phase aiming to identify strengths and weaknesses in development related processes. This company is now working on improvement actions mainly based on the following Deployment Packages: Requirement Analysis, Version Control, and Project Management. In France, a pilot study [17] was conducted with a 14-people VSE that builds and sells counting systems about the frequenting of natural spaces and public sites. In addition a further series of pilot projects are currently underway in Canada, Ireland, Belgium and France, with further pilot projects planned in the near future.
Trials to date
To date we have published [17] the final conclusions and results of one pilot project that conducted with a 14-person VSE based in France, which successfully implemented ISO/IEC 29110 processes practices utilising the available Deployment Packages. From which we have identified some potential additional infrastructure and support process activities and suggestions for future evolution of ISO/IEC 29110 Process Profiles. A further series of pilot projects are currently underway in research laboratories and enterprises in Canada, Ireland, Belgium and France, with further pilot projects planned in the near future. At the ETS (École de technologie supérieure, www-eng.etsmtl.ca), a 6,000 student engineering school of Montréal, graduate and undergraduate students have used the project management process of the Basic profile to start-up VSEs and have implemented the activities in existing VSEs. As an example, a graduate student currently employed as a professional engineer in an engineering firm having over 400 engineers, is developing a project management process, using the basic profile, for the very small projects of his enterprise. In his enterprise, projects are divided in three categories as illustrated in figure 4 . A formal project management process was already used for medium-size and large-size projects, but only an informal process was used for the small-size projects. The task of the graduate project is to define a project management process for the small-size projects using the basic profile, obtain approval by the vice-president of the engineering firm and help deploy the new process.
Small Project Medium project Large project Duration of project
In another pilot project, a website is developed by a VSE of 2 people to help travelers throughout the life cycle of a trip from its initial planning to sharing the experience of the traveler with friends. The site will be able to build a custom profile for each user in order to propose relevant items such as travel activities or accommodations. The set of proposed roles of the basic profile has been allocated, as illustrated in figure 5 , to the two-people VSE. Where one member of the VSE, team member B, plays the role of the project manager.
Role

Name of team member Analyst
A Designer B Programmer A/B Project Manager B Technical Leader A Work Team A/B
Fig. 5. Allocation of roles in a two-people VSE
The project manager uses the project management process of the basic profile to manage the project and produce or review the documents listed in figure 6. Fig. 6 . Allocation of documents in a two-people VSE As the VSE grows, the set of roles will be attributed amongst all people of the VSE using the same project management and software implementation processes of the basic profile. If this VSE eventually decides to work on more than one project at a time, it will then use the project management process of the intermediate profile of ISO/IEC 29110.
Name of document
As ISO/IEC 29110 is an emerging standard there is much work yet to be completed. The main remaining work item is to finalize the development of the remaining three profiles: (a) Entry -a six person-months effort project or a start-up VSEs; (b) Intermediate -Management of more than one project and (c) Advancedbusiness management and portfolio management practices. In addition the development of additional Profile Groups for other domains such as critical software, game industry, scientific software development are being studied Recently, working group 24 was mandated to develop a standard for VSEs developing systems. A system may include material, computer programs, firmware and technical documentation. The new standard for VSEs will use ISO/IEC 15288 System life cycle processes standard [18] as the main framework. The objective of the working group is to develop a systems engineering basic profile which will match the software engineering basic profile. The working group will use the actual project management process of the software basic profile as the baseline to modify or add new tasks required by systems engineers. As an example, since most systems have material components, the project manager of a VSE must decide if the material components will be developed and built internally or subcontracted. This 'make or buy' task was not a task of the software project management process, it will therefore be added to the systems basic profile [19] .
